), Drew J A, Elder J P and Williams S J. Determinants of non-compliance and attrition in the elderly. International Journal of Epklemtofogy 1996; 25: 411-419. Background. This report identifies demographic and health-related baseline factors associated with non-compliance and attrition in elderly subjects participating In a preventive Intervention study over a 4-year follow-up period. Methods. The Cox proportional hazards model and polycnotomous logistic regression were used to evaluate time to clinic assessment non-compliance and type of non-participation. Results. Of 1785 subjects, 35.6% were non-compliant during follow-up which meant they were eligible to participate at the time they were contacted but would not or could not return for an assessment. Refusals due to a lack of continuing interest or being too busy, and those citing health problems constituted the major subgroups of non-compliere. Death, unable to contact, and ineligible due to disenrolment or moving away accounted for nearly 20%. Four-year compliance was achieved by 44.4% of the participants. Time to non-compliance was significantly shorter with older age, lower annual income, poorer personal health ranking, and, to a marginal extent, depression. Lower annual income was associated with all reasons for non-participation including disenrolment or moving. Other factors correlated with specific types of nonparticipation. Conclusions. These results can be useful in designing more effective cohort maintenance strategies. Greater resources may be allocated to subgroups who are less likely to continue.
Cohort studies in the elderly are increasing in number and size as the ageing population puts greater demands on health care services. The advantages of cohort studies are well known and can be expected to contribute substantially to our knowledge of relevant epidemiology and to the development of health promotion programmes for the elderly. However, longitudinal or long-term intervention studies where multiple observations are taken on participants over time are subject to the problems of attrition and non-compliance in study assessments and procedures. Bias in estimation and loss of power in testing hypotheses are known consequences of these problems. 1 ' 2 To minimize non-compliance and attrition, long-term cohort studies must expend considerable resources to maintain the cohort. 3 ' 4 An analysis of baseline factors that facilitate the identification of subjects at high risk of non-compliance may aid in directing efforts to keep such subjects active.
This article evaluates demographic and health-related factors at baseline associated with non-compliance and attrition over a 4-year follow-up period in a cohort of elderly subjects participating in the San Diego Medicare Preventive Health Project (SDMPHP). The SDMPHP was a randomized controlled study to assess whether a specially designed package of preventive health services for the elderly could reduce the use of health care services (including hospitalizations), and to demonstrate the cost effectiveness of offering preventive services. Non-compliance and attrition are especially troublesome for long-term preventive intervention studies where participants are expected to return periodically for assessments over several years. In a previous analysis, 5 we reported on non-compliance to the 12-month assessment only. Attrition due to death or moving out of the region was not examined. Using logistic regression we found non-compliance was associated with older age, intervention group assignment, non-single family residence, no alcohol use and, to a marginal degree, depression. The current report will utilize 4 years of follow-up and available information on the reasons why subjects were non-compliant at the yearly assessments or dropped out.
METHODS
In 1989 study subjects were recruited from the patient population of Sharp Rees-Stealy Medical Group, Inc. who were also currently enrolled in Secure Horizons, a risk-based Medicare Health Maintenance Organization (HMO). At the time the study was initiated, this was the primary large risk-sharing HMO contract in the San Diego area. All 14 326 eligible enrollees, after exclusion of multiple household members, were invited to an orientation session to learn about the study and consider participating. Of those responding, 1800 eventually agreed to participate, which met the sample size requirements of the study. For the purposes of this report, all randomized study subjects were considered available for analysis. Subjects were aged 65-93 years (median 72). All subjects retained their usual sources of care with no financial or other obvious inducements to participate in the study. Appointments were arranged in convenient locations and reminder contacts were used to reinforce appointments for study assessments. Additional measures to maintain contact with study subjects included sending birthday cards and keeping subjects informed about study progress through a newsletter mailed about every 6 months.
All participants at baseline received a health assessment including a health risk appraisal, the Center for Disease Control's Center for Epidemiological Studies Depression Scale (CES-D), a health status inventory of demographic utilization information and other measurements. Subjects were randomly assigned to either the preventive or regular care groups.
Preventive care subjects received a package of services including immunizations and clinical screening and a series of 'wellness* workshops consisting of eight 2-hour classes. An additional clinic visit was required during the first year for the preventive care subjects to accommodate the added services. The regular care group received their usual care. The study protocol called for health assessments at 12, 24, 36 and 48 months after baseline for all subjects; this protocol included a health risk appraisal, a health status inventory, and the CES-D scale. In addition, preventive care subjects received vision and hearing examinations, feedback health counselling, and an influenza immunization. All such services were offered at Sharp ReesStealy sites or in local community facilities. The annual assessment visits required approximately 2 hours; the clinical visit for preventive care participants also lasted about 2 hours. Clinical services were provided by physicians and nurses who worked for the project. Instructional services and health assessments were conducted by project research assistants. Some staff turnover was experienced, although senior staff remained the same throughout the study. Extensive written protocols were prepared for all study staff covering all aspects of the project. All staff received detailed training prior to involvement in the project. Health educators received extensive formal training in the conduct of the educational programmes using highly detailed protocols. All staff were supervised by senior staff members at all times. Written evaluations were required for participants for certain aspects of the study such as the education workshops. Participants did not consistently receive services from the same individuals in subsequent years; however, all staff were trained based on the standardized protocols.
Two outcome measures are evaluated: 1) the length of time to non-compliance, and 2) type of nonparticipation. A non-complier is defined as a randomized study subject who was contacted by telephone by study personnel to schedule an appointment for the health assessment but who would not or could not attend that visit nor attend any subsequent visits. A subject attending a subsequent visit was still considered compliant since in most studies the individual still yields useful information and should be distinguished from one who does not return. Subjects who left Sharp Rees-Stealy or Secure Horizons, moved away, died, or could not be contacted were considered censored in that year.
For the second outcome measure, four groups of subjects were compared based on their participation status in the study: 1) non-compliant due to lack of interest or being too busy (refusals), 2) non-compliant due to a health problem, 3) attrition due to disenrolment or moving out of the area, and 4) compliant during the 4 years of follow-up. Approximately 15% of study subjects were eliminated from analyses on type of nonparticipation because the numbers of subjects falling into specific categories were too small to use as separate groups and the categories were too diverse to group together in a meaningful way. These included travelling, without transportation, ill spouse, dead, and unable to contact.
Baseline characteristics consist of demographic, health behaviour and health status factors, and group assignment. Variables were chosen primarily based on their potential usefulness in future studies provided no more than 10% of the observations were missing. Thus, some variables, such as alcohol use were eliminated due to an unacceptably high rate of missing data. Selected characteristics included age, gender, marital status, income, education, type of residence, the total number of subjects living in the household, smoking status, personal health ranking and the CES-D scale. Most of the variables are derived from the health status inventory or the health risk appraisal designed for senior citizens. The CES-D scale was dichotomized as and €15 representing 'depressed' and 'non-depressed', respectively. 6 -7 Survival analysis techniques have been used to assess dropouts in longitudinal studies but not specifically in elderly cohorts. Smith et a/.
8 ' 9 discuss factors related to clinic attendance in the Hypertension Detection and Follow-up Program using Cox's proportional hazards model. 10 In addition, Smith et al. u constructed a two-compartment regression model which allowed an analysis of subjects moving from compliant to noncompliant status but also from non-compliant to compliant. In the SDMPHP study, we found that, of the entire sample, only 7% returned to a 12-month assessment after missing the previous assessment (i.e. moving from non-compliant to compliant). For the purposes of these analyses, we still considered them in compliance since they returned. Macera et al. u use the Cox model to examine determinants of dropouts in runners participating in a 12-month study on the occurrence of musculoskeletal problems. The proportional hazards model is used in this report to assess the relationships between baseline factors and the time to non-compliance.
Polychotomous logistic regression is employed to evaluate type of non-participation. The 4-year compliers constitute the reference category in the analyses.
Hypothesis testing is used to examine overall associations based on a significance level of 0.05 for all tests. The 95% confidence intervals for hazard ratios and odds ratios provide more detailed information on association patterns. Analyses are implemented using the statistical package BMDP. 13 
RESULTS
Of the 1785 subjects available for analysis, 636 (35.6%) were classified as non-compliers during the course of follow-up. These subjects were eligible to participate at the time they were contacted but would not or could not return for an assessment. Table 1 displays a breakdown of participation status and the reasons why participation ended. Refusals totaled 355 (19.9% of total sample). Of these, most indicated they were no longer interested in the study or were too busy. Only 17 subjects expressed complaints about the study. Non-compliance due to health problems accounted for 148 subjects (8.3%). A total of 133 subjects (7.5%) gave other reasons for not complying which included transportation problems, travelling or an ill spouse.
Participation ended for 215 subjects (12.0% of total sample) because of disenrolment from either Sharp Rees-Stealy Medical Group, Inc. or Secure Horizons, or having moved away. Consequently, these subjects were no longer eligible to participate and constitute a separate group. Death accounted for 63 subjects (3.5%). Only 79 subjects (4.4%) could not be contacted. Completion of 4-year follow-up was achieved by 792 subjects (44.4%). Table 2 summarizes the association between time to non-compliance and each baseline characteristic. Older subjects had a higher risk of non-compliance. Males had a lower risk than females. Subjects who were not married had an elevated risk compared to married subjects. As expected the risk of non-compliance decreased with higher income and with more education. Subjects who lived in residences other than single family homes had an elevated risk. This category includes multiple unit buildings and special residences for the elderly. A measure of health assessed by the subjects indicated the risk of non-compliance decreased with better health. Subjects who considered themselves in excellent health had nearly half the risk of those in poor or fair health. The dichotomous outcome for depression based on the CES-D scale suggested subjects with a score of 3=16, an indicator of depression, were at higher risk of non-compliance than a score of =£ 15.
All of the variables were included in a Cox regression model to assess important correlates with noncompliance after adjusting for the intercorrelations among the variables. Table 3 indicates that age, annual • Indicates reference category.
income, and personal health ranking were statistically significant (P < 0.05), while CES depression was marginally associated (P = 0.056). After adjustment, subjects SB75 years had a risk of non-compliance nearly 60% higher than the 65-69 year old group. Annual income was strongly associated (P = 0.007); the risk dropped as income increased. After controlling for all other characteristics, personal health ranking was not nearly as strongly correlated (/> = 0.032) as its univariate results, but still demonstrated that subjects who considered themselves in very good or excellent health had a better compliance record than those in poor or fair health. Subjects who scored s=16 on the CES-D scale were at somewhat higher risk of non-compliance than those who scored =S15 (hazard ratio = 1.33). Gender, marital status, education, type of residence and total number in household were not significant in the multivariate results even though strongly correlated prior to adjustment. This is attributed to their strong associations with either age or annual income.
Polychotomous logistic regression was carried out to provide some detail on whether the importance of baseline characteristics differed according to the type of non-compliance due to refusals versus health problems and to compare non-compliance with one type of attrition, disenrolment or moving. Table 4 displays the univariate results. Older age was strongly associated with both types of non-compliance. The odds of non-compliance due to refusal or health problems was significantly higher for the >75 years age group compared to those 65-69. An association between age and attrition due to disenrolment or moving was not apparent. Unmarried status was weakly associated (f = 0.033) with non-compliance, the strength of association being similar between refusals and subjects with health problems. Again, disenrolment or moving was not associated. Decreasing annual income was strongly associated with both types of non-compliance and disenrolment or moving. The association was strongest with health problems. Less education was correlated with both reasons for non-compliance but was not associated with disenrolment or moving. Non-single family residence was associated with all non-participation outcomes. Health problems and disenrolment or moving were comparable in strength. As personal health ranking improved, the odds of non-participation decreased. As might be expected the strongest correlation was with health problems. The weakest correlation occurred with disenrolment or moving. A CES-D scale score of ^16 was strongly associated with noncompliance, in particular, refusals.
The corresponding multivariate results in Table 5 indicate that age, annual income, type of residence and personal health ranking were still significant after adjusting for all other characteristics. For age, the association was primarily driven by refusal and health problem non-compliance. However, decreasing annual income was associated with all levels of nonparticipation. Non-single family residence was weakly associated {P = 0.032) which was primarily due to attrition by disenrolment or moving. Finally, a declining personal health ranking was most strongly correlated with health problem non-compliance.
DISCUSSION
Although other reports have assessed non-response to surveys or non-compliance with assessments in elderly subjects, they are limited by cross-sectional designs, relatively short time periods of follow-up in cohort studies, or lack of information on the reasons for noncompliance or attrition. This study addressed these limitations by reporting on non-compliance and attrition in a preventive intervention study over a 4-year follow-up.
Preventive intervention trials may be subject to higher non-participation rates than studies focusing on clinical populations since subjects, generally, are healthy and are not required to make routine clinic visits. Cohort maintenance can be enhanced if investigators are knowledgeable about which subgroups are most likely to find visit compliance difficult. The use of the Cox regression model provides a powerful tool to assess baseline characteristics predictive of shorter compliance times. Polychotomous logistic regression has the potential to identify differences among subgroups based on the primary reason for non-participation.
The multivariate analysis using Cox regression found that older subjects, of lower income, of poorer health ranking and, to a marginal extent, a higher CES-D score were at higher risk for non-compliance. This suggests that subjects falling into one or more of these subgroups may require greater attention on the part of study personnel to maintain participation. Multivariate polychotomous logistic regression indicated that lower annual income was associated with all reasons for nonparticipation, including disenrolment or moving. The relationship between older age and non-compliance was apparent for both refusals and subjects with health problems. However the relationship with those who disenrolled or moved was weak at most. Not surprisingly, subjects who lived in non-single family residences were somewhat more likely to move or disenroll. Poorer health ranking correlated very strongly with non-participation due to health problems. Although trends were similar for both refusals and those who moved or disenrolled, the confidence intervals suggested non-significance. Norris 14 examined attrition in subjects 3=55 years participating in a panel study consisting of five interview periods, each 6 months apart. The analysis was based on 1307 subjects who completed all five interviews and 1174 who dropped out at some point. Using multivariate analyses of variance, initial characteristics associated with attrition time and attrition type were examined. For men, in general, the healthier the respondents, the longer they remained under study. However, for women, the trends were unclear. Attrition type was grouped into four categories: deceased, disabled, the hard to find, and the disinterested. For men, the deceased, disabled and hard to find were all in poorer health at the outset than those who did not drop out. The disinterested had comparable psychological and physical health measures to those who stayed in. Those who died or became disabled were older. Women had patterns similar to those of men. In general, the deceased, disabled and hard to find had poorer conditions initially than those who remained in the study or were disinterested.
Powell et al 15 examined demographic, psychosocial and physical impairment factors predictive of attrition in elderly men participating in a prospective study of physical health and psychosocial determinants of ageing. Subjects were classified based on their participation status 12-18 months after entering the study as-returned for retesting (N = 136), did not return due to lack of interest (N = 17), or did not return due to illness or death (N = 16). The deceased/ill group was distinguished from the other two groups by reduced mental capacity, less education, older age, and reported poorer health. The disinterested group differed from the other two groups primarily by lower life satisfaction, and greater number of life events. Both groups that were not retested tended to be more physically impaired and engaged less frequently in personal and social activities. In contrast to Norris, this study found differences between those who continued and those who failed to return due to lack of interest.
Streib
16 examined non-participation over a 2-year follow-up period among 3793 subjects in the Cornell longitudinal study of retirement. About 659b completed questionnaires at both follow-up assessments. Based on a descriptive analysis, those who dropped out at either the second or third questionnaire period tended to be foreign-born, male, were of lower socioeconomic level and in poorer health.
Mitrushina and Satz 17 examined cognitive functioning in healthy elderly subjects over a 3-year period. Of 156 subjects initially tested, 34 subjects dropped out during follow-up testing due to illness or death, moved to a different location or refused to continue. They found that attrition was associated with poorer scores on tests of verbal memory and measures of psychomotor speed. They did not find differences on demographic characteristics such as age, education or gender.
Greater attention to preventive services in health care should result in more epidemiological and intervention studies in elderly cohorts. Since cohort maintenance is an essential and expensive concern in many studies, this report should benefit investigators in deciding how to allocate limited resources. Perhaps increasing the number of contacts among subgroups susceptible to non-participation would help.
